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ABSTRACT 

Two  dnignt  of  itUuware  uioful  in  moMurement  of  total  lipida  are  described.  One 
permits  expulsion  of  the  upper  phase  but  increases  requirements  for  solvent  volumes. 
The  other,  a  modified  Erlenmeyer  flask,  facilitates  withdrawal  of  the  lower  phase. 
CUIIinc  the  flask  for  5  to  10  minutes  in  a  refriferator  or  deep  freese  shortens  the 
time  required  for  separation  of  the  two  phases.  Analyses  of  7  samples  by  each  of 
8  method  In  triplicate  showed  that  the  modified  flask  (cives  results  that  averatce 
8  percent  higher  than  results  by  method  2  of  Sperry  and  Brand,  but  precision  of  both 
methods  is  the  same.  By  using  only  OA  ml.  of  serum,  the  standard  deviation  of  the 
results  by  either  method  is  2  percent. 


This  technical  documentary  report  has  been  reviewed  and  is  approved. 


ROBERT  B.  Pi^NK 
Colonel,  U8AF,  MSC 
Chief,  Operations  Division 
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EXTRACTION  APPARATUS  FOR  DETERMINATION  OF  TOTAL  SERUM  LIPIDS 


1.  INTRODUCTION 

The  (lelermination  of  total  lipids  in  serum  is 
fre<iiiently  performed  hy  iisinj?  the  mtdhod  of 
Sperry  and  Krand  (1),  based  on  the  work  of 
Foleh  et  al.  (2).  Details  of  the  technies  are 
elaborated  in  a  revit'w  by  Sperry  (2)-  A  reeenl 
report  by  Jacobs  and  Henry  (4)  provi«les  evi¬ 
dence  that  this  method  ^ives  excellent  preci¬ 
sion,  minimal  contamination  of  the  lipid  residue 
by  nitrogenous  residues  or  stslium  chlorale,  and 
jjood  phospholi))id  recovery. 

One  stef)  in  the  determination  is  the  puri¬ 
fication  of  the  chloroform-methanol  serum  ex¬ 
tract  by  e(|uilibrat ion  with  water  or  a  salt 
solution,  'this  washin^r  step  is  carried  out 
with  the  chloroform-methanol  extract  in  a 
beaker  or  jrlass  cylinder  instead  of  in  a  separa- 
t<»ry  funnel.  'I’he  u.se  of  a  lieaker  or  a  cylinder 
for  .separation  of  the  chloroforn)  and  atpieous 
phases  leads  to  inconvenience  in  withdrawing 
the  u|)per  pha.se  completely.  The  lartre  inter¬ 
face*  ar(*a  betweem  the  pha.ses  makes  complete 
removal  of  the  upper  pha.se  difficult  to  ac¬ 
complish.  An  apparatus  in  which  the  interface 
would  be  minimized  during  withdrawal  of  one 
pha.se!  wendei  alle*viate  this  preeblem.  Twe>  piee*es 
eif  espiipment  elesijrneMl  for  this  pur|M>.se  are 
ele!.seribe*el  in  this  repent. 

2.  KXI'KRIMENTAD 

I’he  flask  .separateer  (fijr.  1)  is  an  Krlen- 
meeye!!'  flask.  'Pet  the*  boltemi  e>f  the  flask,  there 
has  be*et)  attae  heul  a  eapillary  jreMKseneck  sieh;- 
arm,  havinjf  a  eliamete*r  eef  ne>t  le.ss  than 
11.75  mm.  neer  jrreniter  than  1.25  mm.  Fe)r  the 
purifie'at ieen  eef  25  ml.  eir  lee.ss  e>f  lipiel  extrae*t, 
a  125  ml.  Krl<!nme*ye!r  flask  is  a  e  emvenient  size 

|{fi-i'ivr<l  f«>t  iMilil  ir;il  mil  iin  <> 
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Sriiiirafitt  flank,  nhawiuy  cximlsittn  of  lower  layer. 

te)  meidify  feir  use.  The  chloroform-methanol 
extract  is  introduced  first  into  the  separator 
flask  and  fedlowed  by  the  aqueous  wash.  This 
prexeelure  prevents  any  of  the  aqueous  phase 
freim  irettin^  inte)  the  sidearm.  The  solutions 
are  theiremKhly  mixed  by  swirlinff.  Frequently, 
.severe  emulsions  recjuire  lonjr  standinp  for 
complete  separation.  If  desired,  .separation  of 
the  jihases  can  be  hastened  greatly  by  chillinjr 
the  flask  with  Dry  Ice  or  by  setting  the  flask 
in  a  deep  freeze  for  5  to  10  minutes. 

After  the  phases  have  cleared,  the  lower  one 
is  exjHdled  via  the  capillary  sidearm.  The 
operator  uses  a  rubber  bulb  on  one  end  of  a 
lenjith  of  .small  rublier  tubinK.  The  other  end 
is  attached  to  a  irlass  tulie  that  pas.ses  throuKh 
a  stopper  which  fits  the  mouth  of  the  separa¬ 
tion  flask.  The  investijrator  exerts  .sufficient 
pressure  to  force  the  lower  pha.se  out  the  capil¬ 
lary  sidearm.  The  flask  is  then  tipped  so 
that  the  outflow  continues  by  gravity.  As  the 
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last  of  the  lower  phase  enters  (he  eapillary 
sidearni,  the  aiijtle  at  whieh  (he  flask  is  held 
is  varied  (<»  eonlrol  the  rate  of  outflow.  With 
a  little  praetiee,  the  opei’ator  ran  achieve  precise 
control  of  the  interface,  stop  it  exactly  at  the 
tip  of  the  sidearni,  and  effeit  a  clean  sejiara- 
tion  between  the  two  phas<*s.  This  result  is 
best  achieved  by  tippiinr  the  flask.  If  pre.ssure 
is  ii.sed  to  force  the  interface  up  (he  sidearni 
whih‘  the  flask  is  held  upritfht,  droplets  of  the 
heavier  phase  freiiueiitly  separate  and  remain 
behind  in  the  a.sceiidiii)!  limb  of  the  shlearm. 
(’ontrol  of  outflow  by  tipping  the  flask  usually 
obviates  this  difficulty. 

To  effect  <|uant itat ive  re«overy  of  the  lipid 
extract,  the  flask  must  be  rinsed  with  fresh 
^•hlorofornl-nlet  haiKil  solution.  'I’he.se  wash 
solutions  are  introduced  into  the  flask  via  the 
lapillary  sidearni  by  usiiiK  gentle  suction  from 
the  bulb,  'riiis  procedure  draws  in  any  aipieous 
phase  ill  tlu-  sidearni  and  rins«‘s  the  capillary. 
After  swirlin^'  the  wash  solution  alMHit  the  sides 
of  tht“  flask,  .si'paration  of  the  two  phases  and 
expulsion  of  the  lower  oiu‘  arc  carried  out  as 
before. 


The  desijrii  of  this  apparatus  has  xxnal 
ad\aMtaK‘'-s.  Then'  are  no  stopc<nk>  where 
Solution  niij'hl  I'e  lost.  The  flask  provides  a 
lai'Ke  \dlui?ie  lor  inixin;’  "ol'iiioiis  and  a  larpe 


surface  area  for  contact  between  iipjier  and 
lower  phases.  Duriii}?  withdrawal  of  the  lower 
phase,  however,  the  final  separation  takes  place 
in  a  ca|)illary  lube  where  the  area  of  contact 
lietween  the  two  pha.ses  is  minute.  'I'hus,  clean 
.separation  of  the  two  phases  is  possible.  .Since 
the  lighter  pha.se  is  not  removcsl  from  the  flask 
until  all  extractions  and  washiiiKs  are  lomplete, 
no  loss  of  the  original  sample  is  possible  ex¬ 
cept  by  lU’rors  such  as  contact  of  solutions  with 
the  stopper. 

The  apparatus  illustrated  in  figure  2  is 
desiirned  to  facilitate  removal  of  the  uiiper 
layer.  In  use,  the  chloroforin-inet hanol  serum 
extract  and  aipieous  wash  solution  are  in¬ 
troduced  through  the  sidearni.  'I'he  short  iipiier 
outlet  is  closed  by  thumi)  pressure,  iisinp:  a 
small  piece  of  polyethylene  to  prevent  contact 
of  .solvent  with  the  thumb,  and  the  unit  is 
shaken  the  desired  time.  After  the  layers  have 
.separated  (if  neces.sary,  by  chilling  as  describeil 
above),  the  uiiper  layer  is  I'Xpi'lled  through  tlu' 
outlet  by  adding;  more  chloroform-methanol 
solution  throiiKh  the  sidearni.  After  the  inter¬ 
face  between  thi'  phases  has  iK-eii  forci'd  u]) 
into  the  capillary  outlet,  its  position  is  accurate¬ 
ly  controlled  by  tiltinj.’’  the  vessel. 

It  is  ))ossible  to  ri'iiiove  all  of  the  upper 
phase  with  this  apparatus,  and,  therefore,  to 
dispense  with  the  wash  solution  described  by 
.Sjierry  and  Iband  for  tbeir  method  2(1).  How¬ 
ever.  the  addition  of  chloroform-methanol  solu¬ 
tion,  to  dispkue  the  interface  upward  and  expel 
the  iippi'r  layer,  necessarily  increases  the 
volume  of  the  lower  iihase  and  lengthens  the 
time  rct|nired  for  sul)se(|uent  evaporation  of 
that  layer.  Kurt hermori',  it  is  not  feasible 
to  wash  eithi'r  phase  with  fresh  solution  with¬ 
out  transfer  into  another  unit  of  separation. 
For  these  ri'asons.  this  desiyn  has  not  found 
routine  use  in  our  laboratory. 

The  separation  flask  illustrated  in  figure  1. 
however,  has  been  used  satisfactorily  in  this 
laliorator.v  for  several  vears,  and  is  now  in  use 
in  other  laboratories.  I'he  desiyn  of  this  flask 
reioinmends  itself  to  applivations  other  than 
in  delerminat  ion  of  lolal  lipids.  In  an.v  extrac- 
1  ion  proiednre  n<iny  a  'cparatorv  funnel,  this 


si'piU'iitiir  flask  offers  the  possibility  of  effeet- 
iiiK  the  sepai'atioii  without  any  loss  of  material 
ill  a  stopcock.  Furthermore,  no  bulky  support 
is  rcipiireil  for  flasks  sitting  on  a  laboratory 
bench  or  chilliiin'  in  a  deeii  freezer. 

The  procedure  for  nsiiijr  this  flask  for  total 
lipid  determiiiat  ion  is  as  follows;  1‘rejiare  a 
filtered  chloroform-midhanol  extract  of  serum 
as  descrilu'd  by  Sperry  and  Hrand  (I),  but  u.se 
only  (>..o  ml.  of  serum  ( 1  ml.  of  serum  may,  of 
I'onrse,  be  used,  if  available).  Aild  20  ml.  of 
filtrate  to  tlu“  st'parator  flask,  and  follow  with 
I  ml.  of  water.  .Mix  by  swirling  for  approxi¬ 
mately  oiH'  minute.  l,et  stand  or  chill,  as  siuj- 
H'ested  above,  niitil  the  layers  .separate.  Then 
draw  off  the  lower  layer  as  de.scrilMid.  'I'hronuh 
the  sidearm,  draw  in  2  ml.  of  fresh  chloroform- 
methanol  solution  which  has  lH*en  previously 
eiinilibrated  with  1  volume  «>f  water.  Swirl 
the  .solutioii  about  to  wiish  down  the  sides  of 
tin-  flask.  After  .separation  from  the  a«pie<tus 
|)ha.se,  draw  off  this  lower  pha.se  aiul  atid  to  the 
first  extract. 


I'se  a  stream  of  nitroKen  to  flush  the  air 
out  of  th(!  flask  contaitiiriK  the  combined  li|)id 
extract  and  washintrs,  and  evaporate  the  solvent 
at  temperatures  not  exceeding  40  on  a 
rotatinj;  vacuum  evapoi'ator.  Dis.solve  the  resi¬ 
due  in  chloroform-methanol  (2:1,  v  v)  and  fil¬ 
ter  through  a  fine  porosity-sintered,  jtlass  filter 
into  a  weiithed  o  ml.  volumetric  flask.  Carry 
out  the  final  evaporation  and  weitrhinjr  as  de- 
.scribed  by  Si)erry  (2). 

KVAM  ATION  OF  AFPAKATUS 

The  use  of  redistilled  solvents  was  ado|)ted 
after  control  experiments  with  the  separator 
flask.  A  chloroform-methanol  extract  of  1  ml. 
of  distilled  water,  instead  of  .serum,  was  pre¬ 
pared,  purified,  and  evaporated  as  usual.  The 
wtMjrht  of  the  final  residue  was  calculated  as 
apparent  lipid  concentration.  The  mean  ap¬ 
parent  lipid  blank  (.2  ex|)eriments)  usiiiK  non- 
redistilled  solvents  was  .">1  mu.  100  ml.  (rantre 
2S  to  Ol  mjt.  100  ml.).  By  use  of  redistilled 
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soIvtMits,  tho  moan  apparont  lipid  blank  (8  ux- 
porimonts)  was  Id  nijr.  100  ml.  (i-anKo  10  In 
20  m>f.  100  ml.).  Klfnrts  to  retluoo  this  bliink 
to  y.oro  woro  imsucoossfnl,  and  it  is  thorefore 
roulinoly  siddraotod  from  all  total  lipi»ls  de- 
torminod  by  this  mot  hod. 

'I'ho  oylindor  (mot hod  2  of  Sporry  and 
Hrand  (1)),  tho  soparator  flask  (fijr.  1),  and 
tho  soparator  tiibo  (fijr.  2)  won*  oomparod  by 
(lotorminiiiK  total  lipids  of  .sovon  difforont 
•soriim  samplos.  Hy  iisiiiK  oaoh  of  tho  throo 
piooos  of  apparatus,  (*aoh  .sampio  was  analyxtsl 
in  triplioatt‘,  making  a  total  of  tt  dotorminat  ions 
on  t'ach  sornm  satnpl(>.  'I'ho  volnmo  of  .soriim 
list'd  for  oaoh  analysis  was  ().."»  ml.  All  solvonts 
woro  rodistillod  bt'foro  list*.  'I'ho  ohloroform- 
mothanol  (2:1)  wash  solution  was  first  otpiili- 
brati'd  with  1  ."i  voinmt'  of  wator. 

'I'ho  rosults  of  tho  triplioato  analysos,  tt>- 
jrothor  with  tho  statistical  analysis  ttf  tho  data, 
aro  siimmari/.od  in  table  1.  Mt'thod  2  of  Sporry 
and  llrand  (I)  ^avo  a  significantly  lowt'r  mt'un 
vahio  than  t'ithor  of  tho  other  2  methods,  llow- 
ovor,  all  2  nu'thods  woro  os.sontially  otpial  in 
|irocision,as  tho  similarity  in  standarti  deviation 
of  tho  :’>  methods  shows.  Although  tho  stamlard 
deviation  appears  Ki'oator  with  tho  soparator 
lube,  this  difforonco  is  not  statist  iially 
siKiiifiiant.  Siiuo  there  was  no  interaction  of 
sampU'  with  method,  it  was  concluded  that 
each  method  was  consistent  in  what  substam'os 
woio  boiiiK  measured  by  that  particular  method. 


'I'he  standard  deviation  of  2  percent  of  the  total 
lipid  is  trratifyinKly  small,  o.speclally  in  view 
of  the  use  of  only  0.5  ml.  of  .serum  for  the 
original  extraction. 

1.  DISCUSSION 

It  .seems  apparent  that  any  of  the  3  methods 
could  bo  u.sod  to  measure  serum  total  lipids 
with  rea.sonable  a.ssurance  of  consistent  results. 
'I'ho  moaniiiK  of  the  lower  values  obtained  by 
tho  Sperry  and  llrand  method  is  unknown. 
Although  the  difference  is  only  .‘1  percent  less 
than  with  the  .separator  flask,  this  difference 
is  real  (1*  .001).  It  is  possible  that  the 

flask  method  extracts  some  nonlipid  materials. 
On  tho  other  hand,  it  is  po.ssible  that  a  more 
nearly  complete  extraction  of  lipids  is  effected 
with  the  flask,  l)ocau.se  the  additional  solvent 
mixture  used  to  rinse  down  the  sides  of  the 
soparat  ion  flask  al.so  extracts  the  aqueous  phase 
aKain.  In  any  ca.so,  the  difference  between 
tho  moans  is  small,  and  both  methods  have 
oipial  proiision.  'Phe  95  percent  confidence 
limits  of  ’  1.5  percent  obtained  starting  with 

0.5  ml.  .serum  in  tho.so  experiments  are  rea¬ 
sonable  in  comparison  with  *  2.4  percent 

observed  by  Jacobs  and  Henry  (4),  who  started 
with  2  ml.  .serum.  'Phe  u.se  of  the  separator 
flask  lends  itself  more  conveniently  to  routine 
moasurt'ment  of  larjre  numlwrs  of  .samples  be¬ 
cause  of  the  simplicity  of  withdrawing  the 
lipid-containiuK  phase. 
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